Abstract This study aimed to evaluate the diagnostic reliability of sentinel lymph node biopsy in patients with squamous cell carcinoma of the oral cavity, oropharynx, hypopharynx, and larynx by reviewing the published literature. A systematic literature review was performed using MEDLINE from 1970 to 2011. With Boolean search strings, search terms included sentinel node, supraglottic, supraglottis, tongue, head and neck, oral, pharynx, laryngeal, and larynx. Additional studies were identified through article references. Duplicate data and articles were excluded based on treating institution and study inclusion time period. Additional studies were excluded if the head and neck subsite or tumor stage was not specifically identified or if the sentinel lymph node biopsy occurred in previously treated necks. All patients had sentinel lymph node biopsy performed followed by a concurrent neck dissection. Twenty-six studies met our inclusion criteria (n = 766 patients). The pooled sensitivity and negative predictive value of SLNB for all head and neck tumors was 95 % (95 % CI 91-99 %) and 96 % (95 %CI 94-99 %), respectively. The overall sensitivity and negative predictive value of SLNB in the subset of oral cavity tumors (n = 631) was 94 % (95 % CI 89-98 %) and 96 % (95 % CI 93-99 %), respectively. One-hundred percent of oropharyngeal (n = 72), hypopharyngeal (n = 5), and laryngeal (n = 58) tumor sentinel lymph biopsy results correlated with subsequent neck dissections giving a negative predictive value of 100 %, showing that, sentinel lymph node biopsy is a valid diagnostic technique to correctly stage regional metastases in patients with head and neck squamous cell carcinoma.
Introduction
Head and neck squamous cell carcinoma (HNSCC) is predominantly a locoregional disease. Determining the presence of regional metastases (N?) is critical for staging, treatment, and prognosis. Metastasis to a single regional lymph node can transform a small stage I tumor to an advanced stage III or even stage IV head and neck cancer. The involvement of cervical lymph nodes can decrease disease specific survival by up to 50 % [1] .
The treatment of patients without clinical or radiographic evidence of regional metastasis (N0) remains controversial. Elective neck dissections (END) are traditionally recommended when the tumor size and subsite confers at least a 15-20 % risk of lymphatic spread [2] . Performing ENDs for N0 patients can result in significant morbidity with questionable benefit for these patients confirmed by pathology [3, 4] . For instance, in HNSCC tumors that have a 20 % rate of nodal metastasis, the vast majority of these patients will undergo END with no evidence of lymph node metastasis.
A conservative trend in the treatment of HNSCC N0 patients has encouraged the application of sentinel lymph node biopsy (SLNB). Sentinel lymph node biopsy entails identifying and harvesting the initial node(s) to which the primary tumor drains, while limiting dissection and harm to vital structures. The advantages of implementing SLNB instead of END include decreased morbidity, operating room time, and length of postoperative stay [3, 4] . Prior HNSCC SLNB reviews and meta-analyses have supported the use of SLNB in oral and oropharyngeal squamous cell carcinoma (SCC) [5, 6] . In addition, the use of SLNB has since expanded to hypopharyngeal, and supraglottic tumors [7] [8] [9] [10] [11] . To further evaluate the diagnostic reliability of SLNB in squamous cell carcinoma of the oral cavity, oropharynx, hypopharynx and supraglottis, a systematic review and meta-analysis of SLNB in N0 HNSCC patients was performed. To our knowledge, this is the largest metaanalysis of SLNB in patients with oral cavity and oropharyngeal SCC, and the first to include tumors of the hypopharynx and supraglottis.
Materials and methods
A systematic literature review was performed using MEDLINE from January 1, 1970 to December 31, 2011. Using Boolean search strings, search terms included the following key words: sentinel node, supraglottic, supraglottis, tongue, head and neck, oral, pharynx, laryngeal, and larynx. Additional studies were identified through article references. Duplicate data were identified based on the treating institution and study inclusion time period. Duplicate reports were subsequently excluded. Entire studies or individual patients were also excluded from our analysis, if the head and neck subsite or tumor stage could not be specifically identified. Studies investigating SLNB in previously treated necks were also excluded. All patients included in our meta-analysis had a concurrent END performed at the time of SLNB. Lymph nodes that demonstrated any evidence of carcinoma, including micrometastasis and tumor islet cells, were considered positive. The pooled patient data were then categorized based on early tumor stage (T1-2) versus late tumor stage (T3-4), and by head and neck subsite including oral cavity, oropharynx, hypopharynx, and larynx. Categorized spreadsheets of specific subsites and tumor stage were then completed by including the following specific data points from each study: positive SLN, negative SLN, negative SLN with positive END, technique used for SLN localization [gamma probe with lymphoscintigraphy or singlephoton emission computed tomography (SPECT)], method of pathological analysis (standard H&E, serial sectioning, immunohistochemistry), mean or median number of SLNs per patient, and cancer recurrence if reported.
Sensitivity and negative predictive values were calculated for each study. Sensitivity was the probability of a positive neck dissection given a positive SLNB, and the negative predictive value (NPV) was calculated as probability of a negative neck dissection after a negative SLNB. Meta-analyses were performed to calculate the combined sensitivities and negative predictive values using both a fixed-effects and a random-effects approach for all subsites combined and also for oral cavity tumors alone. The fixedeffects approach estimates the pooled test sensitivity and negative predicted values assuming the data came from a single study, that is, assuming no inter-study heterogeneity. The random-effects approach allows for inter-study heterogeneity. Heterogeneity among studies was evaluated by the Cochran Q statistic (considered significant for p values \0.10). Since three of our four meta-analysis calculations have a Q statistic p value \0.10, the random-effects method was chosen. Statistical analyses were performed using the meta package in R (version 2.14.2 www.rproject.org).
Results
A total of 26 studies met inclusion criteria . The overall cohort totaled 766 patients (n = 766). Table 1 stratifies SLN status by tumor stage and subsite demonstrating the large majority of patients having early stage oral cavity tumors.
Sentinel lymph node localization and histopathology techniques utilized are summarized in Table 2 . The most common method to preoperatively localize SLN included injecting a radioactive sentinel node tracer followed by (31 %) were upstaged by a positive sentinel lymph node biopsy. There were only 12 patients (\2 %) misclassified as N0 on SLNB that had a positive concurrent elective neck dissection. Eight of these 12 patients had early T1/T2 oral cavity tumors, and four patients had T3/T4 oral cavity tumors.
The overall sensitivity and negative predictive value of SLNB in the subset of oral cavity tumors (n = 631) were 94 % (95 % CI 89-98 %) and 96 % (95 % CI 93-99 %), respectively. as shown in Figs. 3 and 4 . 184 of the 631 oral cavity tumors (29 %) were upstaged by positive SLNB. All 12 patients initially misclassified with a negative SLNB but positive END had oral cavity tumors. It is important to note that these patients represented only 2 % of the 631 patients with oral cavity tumors. 100 % of oropharyngeal (n = 72), hypopharyngeal (n = 5), and laryngeal (n = 58) tumor SLNB results correlated with subsequent neck dissections giving a negative predictive value of 100 %. 33 patients with oropharyngeal SCC, 3 with hypopharyngeal SCC, and 16 with laryngeal SCC were accurately upstaged from N0 to N? with SLNB.
Discussion
As Layland et al. [1] demonstrated in their review of over 3,000 HNSCC patients, disease specific survival decreases from 67.9 % for patients with N0 disease to 39.9 % with N? disease. Clearly, regional lymphatic spread is a significant negative prognostic indicator in head and neck cancer [1] . Determining the presence of occult metastases in clinically and radiographically, N0 necks is critical not only for prognosis but for treatment [33] . As a major indicator of the need for adjuvant radiation therapy, the determination of positive lymph node status is of great import.
In our meta-analysis, 766 patients with HNSCC underwent SLNB followed by immediate END. A positive sentinel lymph node biopsy confirmed occult metastasis in 31 % of patients, which appropriately correlates with the 33 % occult metastatic rate reported by Shah et al. [34] . Overall, the sensitivity of SLNB in HNSCC was 95 %, with a NPV of 96 %.
Oral cavity tumors comprised the majority of the overall cohort (631/766, 82.4 %). The pooled sensitivity and NPV for oral cavity tumors alone were 94 and 96 %, respectively. Our data demonstrates quite clearly that oral cavity HNSCC patients with negative SLNBs can be assured to a very high degree of certainty that subsequent ENDs will also be negative. Remarkably, every SLNB from oropharyngeal (n = 72), hypopharyngeal (n = 5), and laryngeal (n = 58) tumors correlated with subsequent neck dissections, conferring a preliminary 100 % NPV for each subsite. Although promising, the significance of the 100 % NPV of SLNB outside the oral cavity is limited, and further study is needed. Factors accounting for the 100 % NPV are that the number of reported cases from the hypopharynx and larynx are much smaller compared to the oral cavity, and the few surgeons reporting this preliminary data have extensive experience with SLNB.
Although often considered routine, ENDs are not without risks and morbidity [3, 4] . As Schiefke et al. [3] demonstrated, patients with oral cavity and oropharyngeal SCC who undergo SLNB have fewer swallowing problems, decreased impairment from cervical scars, decreased sensory dysfunction, and improved shoulder function than Fig. 2 Forest plot of the negative predictive value for all head and neck subsites patients who undergo END. Murer et al. [4] have also shown that SLNB is associated with less shoulder dysfunction, postoperative lymphedema, and significantly decreased injury to the lingual nerve or marginal mandibular branch of the facial nerve than END.
With the increased implementation of SLNB, the possible avoidance of adjuvant or elective chemoradiation should also not be underestimated. Radiation and chemotherapy are generally advocated for patients as primary organ-sparing treatments or as adjuvant treatment for patients with neck disease [35] . Adjuvant radiation therapy to the neck has also been recommended for N0 patients who do not undergo END [36] . However, radiation therapy, with or without chemotherapy, is associated with significant morbidities [37] [38] [39] [40] [41] . 80 % of HNSCC patients receiving chemoradiation develop acute mucositis, which leads to substantial oral pain, dysphagia, increased hospitalizations, and feeding tube placement during treatments [37] . Long-term morbidities include progressive dysphagia and xerostomia [38] [39] [40] [41] . Therefore, patients with negative SLNB can avoid adjuvant therapy, which would lessen patient morbidity. Radiation would also be reserved for a later time for treatment of possible second primaries or tumor recurrences.
In our literature review, five studies examined regional recurrence in oral cavity and oropharyngeal SCC patients who did not receive END following negative SLNB (Table 3 ) [23, [42] [43] [44] [45] . The follow-up periods between the studies varied, but there were 11 documented regional recurrences from 200 total patients (5.5 %) with a mean of 6.7 % recurrence rate. This recurrence rate compares favorably to a recent prospective randomized study by Yuen et al. [46] that showed a 6 % cervical node recurrence rate in patients with T1/T2 N0 oral tongue SCC who underwent upfront END. Yuen et al. [46] compared disease recurrence and survival between patients with early tumor stage tongue cancer and clinically negative necks undergoing ENDs versus watchful waiting. They found a significant improvement with END in regional control, decreasing regional recurrence from 31 to 6 %. The 5-year disease specific survival was not significant between the two groups. Although a more formal randomized controlled study is needed to statistically compare disease recurrence and survival between patients receiving prophylactic END at diagnosis and those undergoing SLNB, Yuen's initial results support our findings that withholding an END from patients with a negative SLNB does not compromise disease recurrence. To date, the predominant clinical experience with SLNB has been with oral cavity tumors. There is still some debate in the literature regarding the accuracy of SLNB for floor of mouth tumors compared to other oral locations [11, 20, 21, 39] . The argument by those that report a lower sensitivity and negative predictive value for floor of mouth tumors compared to other locations is that tumors in the floor of mouth lie in very close proximity to level I nodes leading to difficulty in identifying and harvesting SLNs [21] . In our study, the specific location of oral cavity tumors was frequently not specified, which is one limitation of our analysis. A second limitation is that the quality of histopathological analysis of neck dissection specimens varies across institutions, and each individual lymph node likely does not undergo the scrutiny of serial sectioning and immunohistochemistry that as is common in the analysis of SLNs. Thus, tumor islet cells and micrometastases may not be identified, and consequently, our NPV for oral cavity tumors is likely overestimated. Another limitation revealed by this meta-analysis is the lack of multiple large clinical trials for SLNB in tumors of the oropharynx, hypopharynx, and larynx. Further study by experienced surgeons is needed and will likely clarify these clinical uncertainties.
Conclusion
Our meta-analysis reveals that SLNB is a valid diagnostic technique to correctly stage regional metastases in patients with HNSCC. Early oral cavity tumors have been the most widely studied to date, and implementation of SLNB in these patients can spare many of them the morbidity of END and primary chemoradiation therapy. Herein, we show for the first time that SLNB is also highly predictive in patients with oropharyngeal, hypopharyngeal, and laryngeal tumors. With time, additional cases of late tumor stage oral cavity tumors and cases from other head and neck subsites will be reported which can be included in future studies. Long-term follow-up will also be critical to better assess disease free and disease specific survival of SLNB patients. Fig . 4 Forest plot of the negative predictive value for oral cavity subsite
